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CONNECTION ERRORS IN INDUCTANCE 
MEASUREMENT 


As tlu’ pursuit of incroascHl accuracy 
ill electrical measurements moves <lown- 
wanl into tlie fractions of microhenrys 
and of pi<*ofara(ls, the contributions to 
tlie measurtsl quantity made by the con¬ 
nections between measured component 
and measuring instrument become in¬ 
creasingly important. When a capacitor 
or inductor is used or measured, it is 
connect( hI to and becomes a part of a 
complete circuit. The impedance be¬ 
tween its terminals then'fore depends 
not only upon its self-impeilance, but 
also upon the mutual impedances be¬ 
tween the capacitor or inductor and the 
rest of the circuit. These mutual iiuluct- 
ances and capacitances are usually 
sufhciently small to impose no apjneci- 
able limit on the accuracy of nnaisure- 
ment as long as the self-inductance or 
capacitance is larger than, say, KM) gh 
or HH) fjf. For smaller inductors or 
capacitors, some care must be taken 
both in the construction of standards 
and in I he techni(iues of measurement to 
insure that the mutual imp('<lances can 
either be neglectful or can be included in 
the calibrated value without limiting the 
desired accuracy. A calibration of 100 
microhenrys to an a<*curacy of 0.1% or 
to rbO.l micnihenrv is not of much sig¬ 
nificance if th(‘ connections produce un¬ 
certainties of 0.1 microhenry. 

The problems introduceil into the 
measurement of small capacitance by 
mutual capai’itances l>etween capacitor 
terminals and connet‘tions have been dis¬ 
cussed in an earlier article.' It was the 
purpose of that article to point out that 
\mcertainties of the order of tenths of a 

'.Idhii r UiTsh. *‘A IxMik at 0»nin*iMion Krrors in 

ffitwritiincp (Jrnmtf Rmiio Esitrri- 

tnrniri, .'J3. 7. July, 


picofarad can be introducf^l by ca.sual 
coniUM'tions; that one can reduc(‘ the 
uncertainties In* an order of magnitude 
or more by making the geometry of the 
connections sufficiently delinite, as, for 
example, by specifying the terminals to 
be used as the connection; and that still 
smaller uncertainties can be achieved by 
the use of the three-terminal capacitors 
and measuring techni(iues that exclude 
the mutual capacitances. 

It is the purpose of this article to dis¬ 
cuss the analogous proldems introduce<l 
into the measurement of small induct¬ 
ance by mutual inductances between 
the inductor and the connections. In 
such measuremeids, the uncertainties 
with ordinary connections ainl tech- 
nifiues may be as large as tenths of a 
microhenry. Much smaller uncertainties 
can again be achieved by methods anal¬ 
ogous to those uschI for capacitors. Most 
attention will here be given to the re¬ 
duction of the mutual inductances them¬ 
selves and to the reduction of their uh- 
certainties by care in the construction 
and use of the inductors and connections. 
.Mthough mutuals can be excludetl by 
magnetic shielding and four-terminal 
measurements, the added cost anti com¬ 
plexity of the .shu‘lding and spe('ial 
bridges is not yet justified l>y the neetl 
for higher accuracy in measurements of 
small inductance. This discussion will 
therefore be limiletl to methods of re- 
thicing errors when the usual two- 
terminal inductors an<l Inidges are used. 

.\n example of a twt)-terminal inductor 
connected to a bridge is sllO^\m in Figure 
1. To sugge.^t the origin of iht'.se com¬ 
ponents and tr) simplify the di.scussion, 
ordy a lew J>f the ptis.sible inductances of 
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Figure 1. The cir¬ 
cuit of on inductor 
connected to o 
bridge showing 
self and mutual 
inductances which 
ore meosured. 


>vir(*s, /, aii(i lh<* inutunls, m. an* shown 
Ihmo. and (licscaro indicaltMl as hiiupctl 
paraincItM’s, alt hough they :uv artnally 
tlistrihuttNl ov<*r tiu* (Mitiif cirtMiil. ’I'lif 
iiitluctaiH't* value ohtaiiUMl by a ilireel 
britlge nuaisiirement of I ho oonipoiionts 
slntwn would Ik* the* sum <»f fho solf- 
indiirtanoo, 7^, uf tht* in<lu<*tor and all 
Iho connortion induotancos. /, aiul the 
mutuals, m. This moasurod \'ahio is sub- 
jort to tho unotM’taiiilios which can be 
inti*oduc(‘<l by accidejital changes in the 
length or orientation of the coiuiecting 
wires. It is possible to reduce the uncer¬ 
tainties to any desir^I level if we specify 
with sutlicienl precision the g(*ometry of 
tin* connect ictus and their environmcMit. 
A ilirect measurement, is. Intwtwfi, 
seldom uscmI when high accuracy is re- 
(piiretl. 

It is usually more convenicait to elimi¬ 
nate many of the connection carors Ity 
using a sultstitution ratht*r than a din>c( 
measuremcait. If one measurement is 
matie with the inductor coniKM-t(*d as in 
f'igure I and then a.sc'cond measurement 
is made with the same connec-tioiis but 
with the inductor replaced by a shorting 
link, the difTerence Itetween the two 


nu'a.surcMl values is indc^pcaident of the 
sc*lf and mutual inductanc'es. /,, A,, 
mi, ail, ///-„ whic h appear in Itoth mc*as- ^ 
uremc»nts. 'riie dilferencc* is still a mc*a.'^ 
lire* not only of the induc'laiice but of 
the mutuals, iir., and iii:{, and of the in- 
<Iuctancc* of the* shorting link, /^, and its 
c*orrc*sponding mutuals. AUlanigh the 
substitution measureiiKait I'an rcauove 
major portions of the- connc'c'tion im|)c*d- 
ancf*s and the* uncertaintif*s prcHlucaMi by 
tlu*m. the small rcauaining mutuals must 
still Iw con.^idercMl whc*n .small incrc*- 
ments. .s:iy lc»ss than ().(M microhenry, 
are significant. 

'File mutuals m-j and m.i rc‘prc*senl the* 
magnetic coupling betwccai the inductor 
and the connecting wires, if it isassumc‘d 
that the othc*r portions of the* bridge* c*ir- 
ciiit are sutfic‘ic*ntly remc^tc* to have 
nc'gligible c'oupling. 'rhc*ir magnitud(*s 
change* with the* form and orie*ntation of 
inductor and le*ads. and. hene*e. they are* 
a .sour<*e of uni*e*rtainly unl(*.ss the con- ^ 
figuration is pn*e*ise*ly spe*e*ifie*d. 'Fhe ne*e*e| 
for such prec'ise* spe*cilie*at ion of me‘a.sure‘- 
ment (‘onditions can be* avoide*d if the* 
e*e)Upling is re*elue*e*e| te> a ne*gligible value* 
or if the* ceiupling is maele invariant 
with change's in the* e*e)nne*e*ting wire»s. 
rite* ceaipling e*an be ke*pt at a minimum 
by tlie u.se of twiste*d le*aels feer the* e-ein- 
ne*e‘ting wire's and of teeroielal rathe*r than 
sole*noidal e*oils in tlie* induc'tor. 'I'he* 
e'oupling can be* maele* inele*pe*nele*nl eef 
c*onne*ctie)ns if that peertiem of the* e*eni- 
nccting wire's whie*h is densest to the* 
ineiue-teir terminals, anel whie*h thus e*eni- 
tril)utes most te) the e*oupling betwc'en 
the* wire's anel the* inelucteu* eir shorting 
link, is construe‘te*el as an inte'gral anel 
unvarying part e>f the* inelue‘te)r. 

'Fhe smalle*st e emne'ction e'l rors shoiilel, 
the*r(*fore*. be* obtaine*d from an ineluctor 
c*onstnie*te*d, as shown in Figure* 2, to ^ 
have both leiw anel constant mutuals. 
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Figurt 2. Inductor with separate terminals for con¬ 
nection and for shorting. 

rhis iiuliiclor lias Iwtt scis of toriniiials, 
Tlic torminals at the Utp in Fisnii* an* 
usimI to coniK'cl tlif iiuluctor into tin* 
ciriMiit in wliicli it is innasuivd or nsi‘<l. 
'I'lu* ttaniinals on tlio top an* (•onin*i*t(‘(l 
to the bottom onos by internal, twistetl 
leads and also to the toroitlal eoil. The 
two m<*asurements of the substitution 
method are made with tin* iKitttim ri^ht 
terminals first op(‘n and tlu'ii shorletl. 
'riu* measun‘d tlinVrenee in induetanee 
shouKl be to a hitrh il(*tire(* iudep(*udent 
of the eunneetions to the induetor as Imiti: 
as th(*y n*inain eonstaiit tlurinu: tin* two 
measurements. Since tlu* eunneetions 
an* math* at .separate terminals in this 
induetor. they are not (‘asily disturbed 
by th(* application or removal of the 
shorting link. 

'I'he shorting link can. however, intro¬ 
duce error into the inductance measurt*- 
ment in another way. \Vh(‘n the shorting 
link is connected acro.ss the induetor, the 
circuit connected across the bottom 
t<*rininals of the indiu'tor is that .shown 
in Figure 3. .Vs long as the resistance of 
the link. /t*.„ is not zero, there is an 
cipiivalent inductance. //, between the.sc* 
terminals, which is 

, ^_ Rr 

(i{. 4 lo^ 4 u)-/.;- 

'I’his iiuluctancc*. like that of the link. 


a|)pears only in the measurement with 
the inductor shorteil an<l hence is part 
of tin* measureil dilTer<*nce in inductaina*. 
'riu* re(|uirement for accuracy is. llnaH*- 
fon*. not that this inductance be z(*ro, 
but that it be reprodiicibh*. 


Figure 3. Circuit of shorted 
inductor. 


Since the inductance // dep(*nds upon 
//.. any changt* of the contact resistance 
of the shorting link with time or with the 
method of application results in a change 
in tin* measured inductaina*. 'fhe relation 
between the (‘hangi* in the resistance, 
a//., and tin* changi* in inductance A// is 



A/. -'/.^A/C. { ^ I^, y, 

-(Ur+I(.)l, v! ..T] 

L(/C 4 4 w-Lij < 


As an example of the magnitude* of A/v. 
eon.sid(*r a standard inductor with A, = 
10 mIi and AV = .()*J ohm and a slunting 
link with l\\ = .001 ohm and a variation 
AA\ = 0.0001 ohm at a fr(*fjuc*iicy of 100 
cycles, where can lx* m*glecteil. 

The uncertainty is A// = .001 micro¬ 
henry in an inductance of 10 micro- 
h<*nrys. The variations a.s,sum<*<l for aA*„ 
are those of a shorting link in goixl con¬ 
dition, so the* uiK’ertainties could be ex- 
pecteel to exceed this figure in practice, 
'file shorting link in parallel with the 
coil can. therefore. limit the accuracy of 
the me‘asurement of low inductance at 
low fr(*f|uencies. 

d'his uncertainty can be eliminated 
\'ery easily by u.se of a switch, or the 
shorting link as a switcli, which connects 
to the terminals pi/hrr tlx* iixluctance 
coil or the .short alone instead of con¬ 
necting the eoil alone or the coil shunted 
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Figure 4. Inductor with shorting link arranged to 
disconnect ceil when short is connected. 

hy llir shortlink. An iinlnrlor with 
sin h switchinii: isslnm n in FiKiin* I. With 
ilu^ shortitiK link in tin* position siiown, 
lilt* coil is conncctcHl to the* <‘onn(‘(‘tion 
icrininnls at the top: with the link inovisl 
til th(‘ iIoIMmI position to connect the 
riirht lower pair i»l terminals, the con¬ 
nection terminals are shortetl and the 
coil is disconiKH’tiMl. 

When an indnctttr having the con¬ 
struct itni shown in Figiire I is calihratiHl 
in terms of the clianpe in inductance 
when the shorting link i> switehetl fntm 
one ptisition to thetither. tin‘ ealihration 
accuracy can he very high and the* in- 
dui'lance very low before connection 
errors impose a limit. Since the impor¬ 
tant s<*ction of conne(‘ting win*s adjaciait 
t<» the terminals where the change is 
made are an int(*gral and constant part 
of the iiuiuctor, the form and |K>sition of 


tin* e.vternal connecting wires have n<*g- 
ligihle effect, providt^l only that they do 
not change while the ilifference is Inang 
measured. Sima* tlie switching link and 
its two positions fire jilso an invariant 
part of the inductor, the self and mutual 
inductances «)f the link are both small 
and definite parts of the calibration. 
SiiK'e the link is not eonn(*ct(*d in parallel 
with the indui'tama* coil, the eontaiM 
resistances of the link have no elTirt 
upon the induetam*(*. And. since the in- 
duetanee coil is toroidal and the connec¬ 
tions within the inductor are orientini to 
minimize the <)pen loops, there is no 
coupling to e.xternal fields or conductors 
which can vary the in<luetance. 'fhe in- 
duetama* so calibrated should be sufli- 
ciently ilefinite t») make the uma‘rtainti(*s 
l(*ss than (l.tMll microhenry and to justify 
a calibration accuracy of 0.1', for in- 
iliK’tanee as low as I mi(*rohenry. 

'fo conclude this ilisiaission of connec¬ 
tion errors without acknowhalgment of 
the souna* of much of this information 
wouhl be a large t(*rminal error. From 
conversations and <a)rr(*sponden(a' with 
members of the l{(*sistance and Ueact- 
ama* Section of the National Bureau of 
Stamlards in Washington have lauue 
knowledge of some of the sour(a*s of 
error in indiK'tama* mea.surements as 
well as suggestions for their rcaliiction. 

— .Jou.N* F. IIkksh 


/ 

1 


NEW STANDARD INDUCTORS 


MORE TERMINALS, 

riu* (icneral Radio Company recently 
i*xtended the range of its .standard capac¬ 
itors downward by several decadi's t<» 
0.01 pf by the introrluction of the* new 
Tyck 1403 Standard .\ir ('apacitors.* 
A parjillel. but more mm lest, step is now 

Thro^ Thrill inn I f*tipnritc»r-» ” (/•'fimtl W Kf 
lnrimrnlfT. .13, 8 Jc 0. Aumist-Septenilw. 


LESS INDUCTANCE 

being taken to e.xtend the range of our 
standard inductors downward by the 
addition of a oO-microhenry unit. In 
anticipation of future demands for 
higher accuracy and smaller inductance, 
tlie design of this inductor and its two ^ 
immediate pre<leces,sors, the I(M)-mIi and 
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2(M)-^li sizes, iiieorp<»rates tlie lulditioiuil 
terminals and new m<‘tiu)d of ealihration 
disenssed in tlie preceding article. 

The New Inductor 

A Tver: 1IS2 Inductor of 50 micro- 
henrvs has for some time been available 
on special order, d'lie new d'Yi'K I tS2-A 
dilTers fr<im the earlier models both in 
having the new six-terminal connections 
(see below) and in having lower resist¬ 
ance. I’he coils are now wound with 
100 32 bitz wire to have a dc resistance 
of 0.013 ohms as compared to the 0.200- 
ohm resistance of previous inductoi*s. 
An incr(*as<* in wire size has also been 
made wherever possible in other induc¬ 
tors. and the low-fr(*{|uency () is now 
more nearly I'onstant throughout the 
line of inductors. 

.Vs in all these inductors, the coil is a 
uniformly wound toroid on a ceramic 
core for high stability an<l low external 
held, 'rhe 50-microhenrv coil and the 
coils up through 5(M) microhenrys have 
<luple\ wiiulings, />., their toroids are 
wotind in two (*(|ual halves, and the 
halv(‘s are comwcted in parallel rather 
than in series, as .shown in Figure 1. The 
duplex winding has two a<lvantages for 
small inductance coils. For a given in¬ 
ductance, the number of turns is greater 
with the duplex winding, and the ease 
and accuracy of adjustment to nominal 
value an* thereby increased. 'I’he parallel 
windings still coniine almost all the mag¬ 
netic Held to the torus ainl, in addition, 
they can further redtice the small held 
f)roduce<l by the ecpiivalent single turn 
of the* conventional toroidal winding. 
With the leads positioned as shown in 
Figtire 1. the current does not make a 
complete circle around the circumference 
of the torus but travels across a diameter 
on <nie lead wire and returns in two 
})arallel paths through the two halves of 



Figura 1. Diagram of duplex winding used for iow- 
inductance standards. 

the winding, 'fhere are thus two l)-sha])ed 
loo|)s .so phased as to produce very small 
external Held which cati contribute to 
tin* meastirement unc(‘rtainties. 

Terminals and Wiring 

.Vrrangement of terminals and wiring 
for the 50-, 100-. and 200-microhenry 
inductors is shown in I'^igure 2. In 
Figure 3 is shown for comparison the 
connections hninerly used for all of the 
Tyi'k I4S2 Inductors and still us(*d for 
inductors of 500 microhenrys and higher, 
ddie obvious and signilicant dilTerence is 
the addition of tlinu* more biinliirg jxtsts 
at the bottom of the new panel. 'Two of 
the iu*w terminals (marked A„) are con¬ 
nected by internal leads to the two in- 
stilated terminals at the top of the pain*!. 
The inductance coil is eonne(*ted to the 
two outer bottom terminals. VMien the 
attached .shorting link is connected be¬ 
tween the l(‘ft pair of bottom terminals 
(marked /j, the coil is coimecttHl to the 
top terminals: when the link is movetl to 
the right pair of bottom terminals, the 
coil is ilisconnected and the link short- 
circuits the leads to the top terminals. 
On both panels the upp<*r left terminal is 
connect(*<1 to the induct<n‘ case, and the 
inductor is usually use<l and calibratcMl 
with the adjacent terminal (LOW) con- 
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Figur* 2. N«w tix*l«rminal panel and connecliont. 


noct(Hl l>y tho attnclu'd link \o this tor- 
ininal am I to I ho oaso. 

Calibration 

In tho initial oalihration. iisnally at 
tin* National Unroaii of Standanls. in- 
duotors aro oalihratcHl hy tho suhslilu- 
tion mothml in which two moasuromonts 
aro made: ono with tho induotor oon- 
nootod to tho hrid^o and tho other witli 
tho samo oonnootiiif? wires hut with tho 
induotor roplaood hy a short-oirouitinj; 
har or link. For an induotor with tho 
throo-torminal panel of Fijruro 3, the 
first m(»asur(‘inont is made with tho 
hridRo oonnootiHl to the pair of insulated 
terminals, and a short is then either a|)- 
pli<‘<l to these terminals or tho oonneet ing 
wirt»s aro movotl to the left pair of ter¬ 
minals which are connec*ted hy the link. 
For an indu(*tor with the now, six-ter¬ 


minal panel of Fii^ure 2, the bridge is 
still connectcHl to the upper right pair of 
terminals (connection terminals). 'Fhe 
measurement of the inductor is maiio 
with the link on the lower terminals in 
the loft or L t)osition t(» connoct tho coil. 
Tho short is then apt)lio<l hy moN ing tho 
link to tho right or |)osition on the 
lowor t<M*minals (reference t(*rminals). 

The advantage's of the now panel and 
connections are that the mutual induct¬ 
ances between tho intornal leads, coil, 
and shorting link aro indo|MMident e)f 
connections and onvironment hecau.si' 
they aro an invariant part of the inductor 
and that the connecting wires are not 
subject to elisturhanco when tho short is 
applieil at terminals separated from the 
connections. The* e*onnection e*rrors anel 
metluHls e)f reducing them have hoe*n 
eli.se*us.s<Hl in eiotail in the preM-enling 


Figure 3. Three-terminal panel and connections. 
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ai iiclf. Sinn* llii* cmtihs an* seldom larj^or 
tliaii leiilhs (»f a microhenry, the advnn- 
taires of the six-terminal panel in r(‘<hi(*- 
inii these (‘inirs ar(‘ appreeiahle only 
when the iiidiietaiu'e is small. The upper 
limit <»l imlta fanee with which tin* new' 
terminal arrangement is tise<l has Imhmi 
<‘ ho.H*n s<anew hat arbitrarily to he ‘JtHt 
microlM'nrys, in part because this is also 
the dividing line between th(‘ hand- 
wound and thc‘ machine-wound coils in 
tin* rvei: IIS2 lndu<*tors. 

Calibration by Direct Comparison 

ria* major dilTereiice between a cali¬ 
bration with the short circuit at tlie 
connection terminals and one with the 
slant at the r(‘l(*r(*nce terminals is the 
iinluctance of tim internal leads l)etween 
the two s<*ts of terminals. This induct- 
aiti-e (the ililTerence between the two 
calibr.ations) is about 0.11 microhenry. 
Its valtK* is important, not only in un- 
iittentional misus(‘of the short, but in a 
I’alibnilion by dirtaM comparison of om* 
of th(‘ six-terminal itiduct<irs with a 
thnM^-termiiial one of the same nominal 
value. In many calibrations outside of 
the \atiinial Ihireau of Standards, a 
direcl-comparisott method is used. 'I'Ih' 
unkmwvn is simply compared to an in- 
tiuctor of almost e(|U}iI value which has 
an Nits ealibration and the measuml 
dilY4*rcn<«‘ us4‘<l t4» obtain the value of 
the unknown. I'lie m<*asurement with 
the .>hort circuit is implicit in this new 
calibratimi, however, because the Hu- 
ii'mi used a short in their ori^^iiml cali- 
bratioti. atid tiu' luwv (’alibration is valid 
otil\ with tin* short applicnl at the |)osi- 
tion us<*<| in tiu' original calibration. If. 
therefore, a mwv oD-microhenry, Typk 
1 ISJ- V Inductor, is calibratcHi by direct 
4*4Unparison with an older one with an 
NHS i»r (lU calibration, the calibrated 
\alue so obtained is that with the short 
at the connection terminals. The induct¬ 


ance oblaine<l by a sln»rt at the refer¬ 
ence terminals will be alM)ut 0.11 
microhenry hvss. WIumi accuracy to 0.01 
microhenry is importatit, the lead in¬ 
ductance should be measttred by moving 
the short from coniHH'tion to ref(*rence 
terminals. 

When a calibrat(‘<l six-terminal induc¬ 
tor is available, the calibration of other 
inductors can still be infhiemaHl by the 
inductance t)f the internal h'ads. If th(' 
two inductors an‘ compared in the usual 
manner by a dilTerema* measuremcait 
usinp the same external leads, the meas- 
UH'd differfMice im*hales not oidy the 
difT(»rence Uuwceii the tw<» indiH'tance 
changes at th(‘ n*ferem‘e t<M*minals but 
also the ditTerc'iua* betweiMi tin* two in¬ 
ternal lead inductances. Calibration by 
this metluNl is subjetU to error iiide.'is the 
differences in internal lead inductance 
are negligible* or are measurt*el. In th«‘se 
new Tytk I ISJ Imha'tors. (‘xperience 
with a small itiilial sample indicates that 
in production the l(*ad inductance of 
0.11 microh(*nry may be hekl constant 
to better than O.ttl microhenry .so that 
the error in iliree t comfiarisem of similar 
india tors .shoultl be less than 0.02' J. 

When leael inductance is not suffi¬ 
ciently constant, its effect can be elimi- 
nateMl by am»tla*r rnethoel of (‘ompari.son. 
The two six-terminal imluctors can be* 
e*eumect(‘el in se^ries to the brielge*. A first 
mea.sureme'nt is maele with the she>rt <if 
erne inducte)r in the? /. iH)sitieui while* that 
of the other is in the* L„ positiem on the 
reference terminals. .V se*e*e)nd m(*asutr- 
me*nt Ls the*n made* with l>oth links 
me)ve*<l le> the* op|>osite |)ositie)n. 'Fhe* 
mea.sureei differe*ne*e is the elifTereiie*e* bi*- 
tween the twee inelue*tane‘e change»s at the 
re‘fere*iie‘e terminals anel is inei(*pe*neie*nt 
eef the internal le‘:iel inelue*tance*s because 
the'y appe*ar in both measurenu*nts anel 
cancel in the elifTe*re*nce. 

- John T. IIkhsii 
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MORE NEW INDUCTORS: FIXED AND DECADE 


Type 1481 Inductors 

liiduiMors in tlio 'rvpK 1 181 seri(*s aro 
units, UiroHlally wound on 
ninlyhdoniim-pormalloy dusi cores. Al¬ 
though not as lU'curately calibrated as 
lhel'Yi»K 1 182 Standard Inductors, tliey 
have many usi's in au<Iio-fre(|uency 
iiH’jisunmients, both as auxiliary stand¬ 
ards and in circuit development. 

Four new units have Ihhmi added n‘- 
cently lo this ^roup as listetl in the table 


below. C’lmracteristics are similar to 
th(»se of otlH‘r Tyimc 1481 Inductors, 
list(MI in our current catalog, except that 
d'YCKS I48I-AA, -HH, and -C'C’ are 
wound on lower-jKTmeability cores with 
corre.sponiling changes in the fre(|uency 
for etc. 

Dimensions: Ciisc, (hrighl) 3*^ X (wifith) 
3' h X (ilcptlP 1“^ indues (92 x SO x 41 mm); 
oviT-all Ix’iKlit, inclihliiig terminals, inches 
(117 mm). 

Net Weight: 14 nilticcs (0.4 kx). 


] 

7V//wr 

.Worninol 
/ lulurtnner 

Acrurncy 

. 

Adjuslinmf* 

//wM ('urrmi 
for 

incrrtixr in L 

Rrjtonant 

Frtqnenaj 

.4 pprox. 
tic Uex. 

Cfxle 1 Pner 

Word 

1481-AA 

UK) mIi 

d=2 % 

120 mti 

3IXK) kc 

0.020 

INDCrTO-MAP I $37.50 

1481-BB 

2<K) fih 

±2 

70 ma 

2100 

0.044 

iNorcTOMinr 37.50 

1481-CC 

i>iH> ph 

db 1 

54 ma 

1330 

0.112 

IXDCCTOMKN , 37.50 

1481-N 

10 h 

±0.25 

0.24 •• rna 

10 

no 

IM»CrT(»NAtJ ' 50.00 


•fnl w»r»» Cr»snifnr\ mihI initial pfrfn4niliilit> ••For nj?.V', ioiTi'aat* in L. 


Type 940-DD Decade-Inductor Unit 

lndu(‘tors of the I IHI type, the 1(K)-, 
2tM)-, and otM)- /uh sizes are us<mI in the 
'rYi'K DID-DI) Decade liiiluctor lo pro- 
vitle decade steps of IIM) ^h, and a total 
of I mil for the deeatle. Four induetors 
are usril in a 1-2-2-5 si*rie.s, eornbinations 
are eonnected by tin* .switch to yield 
sucee.s.sive unit values in the ilecatle 
seijiienee. 

Accurocy: 2* p. 

Net Weight: 4 Ih. (1.9 k^). 

Tiiltr 


Type 1490-F Decade Inductor 

'rids four tlial decad('-induetan<*e box 
incorporates the new Tyi*k ‘.MO-DD 
Ih'catle-Inductor Fnit together with one 
eaeb of the Typk 04()-E. -F, and -(1 units, 
wliieh have ileeatle .steps of I mh, 10 mh, 
and 0.1 h respeetively. 'Fotal inductanee 
is 1.111 hemys, adjustable in .steps of 
i(K) mI) altovt* tin* initial inductanee. 

T\ipt _ C(Hlr Word Price 

1490-F Decade Inductor 1.111 h| KtK'CH | $450.00 


940-00 Decade-Inductor Unit INarc- 
I 100 mI* P*r step | 


(\tiU Word Prief 

$ 110.00 



(left) Type 1481-N Inductor; (center) Type 940-00 
Decade-Inductor Unit; (right) Type 1490-F Decode 
inductor. 


I I 

O 
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OCTOBER, 1960 


MORE AND BETTER CAPACITORS 


Improved Adjustment Accuracy for the 
Type 1409 Standard 

As we eoiustantly improve the stahility 
of c>ur electrieal standards, it l)(*com(*s 
ecpially d<*siral)le to improve the close¬ 
ness of their adjustment to nominal 
values, 'fwo factors inllnence the selec¬ 
tion of this adjustment accnra<‘y: first, 
the expe<-t<Hl stability and, se<*ond, the 
complexity of the adjustment in terms 
of lime and cost. 

Heccaitly puhlishixl eight-year re< ords 
forourTvi'K 1 KJt)Standard Capacitors,* 
which were introduecHl for sale only 
three years ago, indicate that stability 
can be di.H-eganled as a limiting factor. 

'rhe skills ac(|uireil from two years’ 
experience in as.sembling these capacitors 
impelled the men who build them to siig- 
g«*st that, without appreciable increase 
in cost, the adjustment could be made to 
a better nominal actairacv than tin* then 
current t), 1^^, and, accordingly, a new 
tolerance of O.O.V wits establisluMl. 1 hir¬ 
ing a transition period, the naim^plate 
continued to read 0.1^ c, ami additional 
lals'ls wen* alti.xe<l to the bas<*. b(‘aring 
the k‘gend, “.\djustment Accuracy 
O.O.V/c,.” Xew namei)lates now in use 

C’Sinliility Kmiril* of StatulanU of Inilurtnn<*«< uiid 
f’onocilnntf','* (itHrnil Rwtio Ksprrimrtilrr, ;M. I. \pril. 
HHSO. 

*1 (• Mnvton. "SirtiMlnnU oim) AtM^urary.’' O’lMrra/ Unthu 
Eifurtmrfitrrt S-l, tk, Juru*. ItKiO. 


{Lmh) Typ* 1409-T Standard Capacitor; (right) Typ* 
980>J Decade-Copocitor Unit. 



bear the 0.0'/ ^ ligurt*. .\ certificate, as 
U'fore, ac(‘ompani<*s the capacitor, giv¬ 
ing the measured value* under statetl 
enviionmental condit ions. 

Type 980-J Added, 100 pf per step 

For most of the life of the Type OSO 
Ih'cadf'-C'apacitor Fnitsand their pretit'- 
ces.sors, the Type )1S0’s, tinly three 
capacitance ranges wen* available, n*- 
gardlessof tlit*dielectric ust*<|, and which 
had, n^pectively. 0.1. 0.01, ami 0.001 gf 
per step. In tnir current (’atalog P we 
now list a deciul(*-capacitor unit having 
100 pf ])er step, the Type 080-1), The 
favorable response accorded this decade 
unit, which has polystyrene dielectric, 
has resultetl in tin* introtluction of the 
Type OSO-J l)t*<‘atle C apacitor, having 
silveret 1-mica tliel(»clric and nominal ca¬ 
pacitance iiHTements of 100 pf per step. 
'ITu* capacitance incn*ments from zero 
ptisition are within -f 2 pf; of 

the indicatetl value ftir any .setting ftir 
two-terminal conne(‘tion and within 
-f 0. — (2^:^ d-Siif)for three-terminal con¬ 
nection. The dilTerencf's l»(*tw«en these 
adjustment-accuracy ligures and those 
for the companion 'Fype OSO-F, -Cl. and 
-II are cau.sc'tl by the .switch capacitance 
(which varies frtiin position to posit ion I 
ami by the wider percentage adjustment 
tolerance of the low-valm'<l capacitors. 
Similarly, the dissipation factor ligure 
of <0.0(M)(» is simply iletermineil by the 
dissipation factor of the 100-pf capacitor. 

New Three-Decade Capacitor, Type 
1419-M, Replaces Type 219-M 

The Type 2I0-.M Decade Capacitor, 
our ‘Wonomy” th*ca<le capacitance box. 
has l>een replac<*<l by a ni'w and im- 
provfHl mmli'l. tin* Type 1410-M. Ah*- 
chanical changes bring (he construction 
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jiiul appearance iiiln line with the other 
Typk 1419 units, which have previously 
rcpIaciMi ecpiivahait Tyiu: 219 models. 

'File individual mica-<lielectri<* capaci¬ 
tors used in the O.OI-Mf-per-step and 
0.001-Mf-lK*r-slep dwades remain un¬ 
changed. The Tyhk 980-L pai)er-<liel(»c- 
tric decade, 0.1 /if |K'r step, uses fire- 
cracker-shapcHl, sc'aknl, foil-and-pap(*r 
capacitors having a viscous impregnant. 
’rh(*s<* capacitors have the following im¬ 
proves I characteristics: 

I, Adjustment accuracy of capaci¬ 
tance increments from zero position is 
changenl to d:l.o% (from :t2%) of 
7 ’//^ 


the indicatiHl value for any seMting. 

2. Dissipatu)!! factor is reeluceel to lc‘ss 
than O.OO") (from lc»ss than 0.01). 

3. Insulation resi.stance is increascMl 
to > lO’® ohms (from 10*) at 1(K) v, 
25®C, 50% nil, and after 5 minutes’ 
eleedri heat ion time. 

4. Tem|)erature c<K*flicient is 4*ISO 
ppm/°C' nominal. 

5. Ma.ximum ofx'rating voltage* (dc 
or peak) is rais(Ml to 500 (from 3(K)). 

0. Fre(|uency limit for ma.ximum volt¬ 
age is up to 2 kc (from 1 kc). 

7. Maximum oiM*rating temperature 
is up to (from 05®O. 

8. The stability of all chara<’teristics 
is considerably improvetl. 

The use of the s(*ale<l firecrack(‘r units 
prevents increas<‘ of l)oth <*apacitance 
and dissipation factor, which would re¬ 
sult from moisture (contamination. Fur- 
th(‘r, the use of the viscous impr<*gnant 
(rather than a li(iuid one), immobile at 
operating temperatures, improx escapaci¬ 
tance stability since the ndative posi¬ 
tions of conductors and insulation will 
not change appr4*ciably as a r<»sull (»f 
shock, vibration, (‘hange of po.sitHMi, or 
temjTcrature variations. 

— P. K. McKi.hoy 

('(Hit- Wnni farter 


1419-M D«cod« Capacitor. j FOR\Y I $145.00 

980-J Dacada-Copacitor Unit. 100 p( par «tap.| \l>IEtT | 48.00 


Oimantiafi drowinpt of oil Tyoo 9t0 Oocodo>Capaciler Unit* oro ovoiloblo on roow»»l. 


NEREM-1960 

Boston, Massachusetts — November 15-18, 1960 

capable of measuring incidental fm to 


C’ome to NKHK.M, and when you do, 
drop in at Iksiths 9 and 10 at the ex¬ 
hibits in the (’ommonw(»alth .\rmory. 
(>ur engineers will welcome your call and 
will Ite glad to .show you the new instni- 
meiits that we shall have on display, 
among them: 

.Vn electronic freiptency met(*r, direct 
reading to an accuracy of 0.1% and 


1 part in 10 . 

.\ calibrator for accelerom(»ters and 
other vibration pickups. 

llie Typk 15.3 1-A Strolnttac*^, de- 
.scrilied in the S(*ptember Exjwrimcutvr 
plus 

many other instruments di.splaytHi in 
interesting and significant uses. 


General Radio Company 
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